During the course of isolating and identifying purple non-sulfur bacteria, one nitrate-reducing strain was isolated which did not fit the description of any other purple non-sulfur bacterium known to date. The isolate had rod-shaped cells that contained lamellar intracytoplasmic membranes and produced red cultures. Absorption maxima of photosynthetically grown cell homogenates were at 376, 471, 503, 540, 591, 805 and 878 nm. The new isolate grew anaerobically in the light or aerobically in the dark. Various organic compounds served as carbon sources and electron donors. The predominant quinone was ubiquinone 10, the predominant fatty acid was 18 :1ω7c. The polar lipids comprised diphosphatidyl glycerol, phosphatidyl glycerol, phosphatidyl ethanolamine and phosphatidyl choline. Analysis of the 16S rDNA gene sequences revealed that the new isolate was closely related to Rhodopseudomonas palustris. A DNA-DNA-hybridization study differentiated the new isolate and Rhodopseudomonas palustris at the species level. Therefore, the name Rhodopseudomonas rhenobacensis sp. nov. is proposed for the new isolate.
INTRODUCTION
The purple non-sulfur bacteria are a versatile group of bacteria that grow anaerobically in the light or aerobically in the dark with different carbon sources, electron donors and nitrogen sources. The capacity to reduce nitrate, either for assimilatory or dissimilatory growth, is not a common feature of this group of bacteria, being restricted to several species. Due to the fact that most work concerning nitrate reduction in purple non-sulfur bacteria is done with Rhodobacter capsulatus and Rhodobacter sphaeroides, we were interested in isolating nitrate-reducing strains not belonging to these two species. In the course of isolating and identifying nitratereducing purple non-sulfur bacteria we have isolated several strains from eutrophic ponds in the vicinity of Bonn, Germany. One of these strains, belonging to the species Rhodoferax fermentans, was described earlier 
Abbreviation : ICM, intracytoplasmic membrane.
The EMBL accession numbers for the 16S rDNA sequence of Rhodopseudomonas rhenobacensis are AJ132401 and AJ132402. (Hougardy & Klemme, 1995) . In this paper, genotypic and phenotypic characteristics of another isolate are described. We conclude that it should be classified as a new species of the genus Rhodopseudomonas, for which we propose the name Rhodopseudomonas rhenobacensis.
METHODS

Enrichment and isolation.
The samples used for enrichment and isolation of phototrophic bacteria were freshwater samples with sediment mud that were obtained from a eutrophic pond located in a beech forest close to Rheinbach, a small town in the vicinity of Bonn, Germany. Water samples (50 ml) were filtered through membranes (Sartorius ; pore size 0n45 µm), which were then incubated anaerobically in the light (28 mC) on agar plates containing the RCV medium described by Weaver et al. (1975) supplemented with 0n2 % sodium succinate instead of sodium malate and 0n05 % yeast extract instead of thiamin. 0n05 % KNO $ and 0n5 mM EDTA were also added to the enrichment medium. After 8 d, small red and brown colonies appeared on the membrane filters. Single colonies were picked, streaked on the surface of agar plates, and the resulting new colonies were transferred to liquid media with 01236 # 2000 IUMS Bacterial strains and cultivation. Of 42 isolates one (strain Rb T ) was used for further investigation. Rhodopseudomonas palustris DSM 123 T was used for comparison. All strains were routinely cultivated under photosynthetic conditions (28 mC, illuminated at 60 W by tungsten lamps at a distance of 20 cm) using the RCV medium described by Weaver et al. (1975) supplemented with 0n05 % yeast extract instead of thiamin. In minimal media, yeast extract was replaced by a vitamin solution (Imhoff & Tru$ per, 1991) . Aerobic dark cultivation (28 mC) was performed in Erlenmeyer flasks filled to only 10 % of their volume and agitated on a shaker.
Phenotypic characterization. Light-microscopic observations were performed using a ZEISS Axiophot microscope (Carl Zeiss). Electron micrographs for visualization of flagella and intracytoplasmic membranes (ICMs) were kindly provided by Professor Ulrich Fischer (University of Bremen, Germany). Absorption spectra were measured according to the method of Biebl & Drews (1969) . Carbonsource utilization tests were performed in screw-cap tubes containing mineral base medium supplemented with the neutralized, filter-sterilized organic compound (final concentration 20 mM) as the carbon source. In growth experiments with butyrate as the carbon source, malate was replaced by 10 mM butyrate and KHCO $ (30 mM) was added from filter-sterilized stock solutions. In all growthresponse tests, growth was monitored turbidometrically at 650 nm. Test tubes in which the OD '&! after 6 d was greater than the OD '&! of a negative control containing no test substrate were considered positive for growth. NO − # in the culture fluids was determined, after removal of bacterial cells by centrifugation, by colorimetric techniques (Nicholas & Nason, 1957) .
Extraction of respiratory lipoquinones and polar lipids.
Respiratory lipoquinones and polar lipids were extracted from 100 mg freeze-dried cell material using the twostage method described by Tindall (1990a, b) . Respiratory quinones were extracted using methanol\hexane (Tindall, 1990a, b) and the polar lipids were extracted by adjusting the remaining methanol\0n3 % aqueous NaCl phase (containing the cell debris) to give a chloroform\methanol\0n3 % aqueous NaCl mixture (1 : 2 : 0n8, by vol.). The extraction solvent was stirred overnight and the cell debris pelleted by centrifugation. Polar lipids were recovered into the chloroform phase by adjusting the chloroform\methanol\0n3% aqueous NaCl mixture to a ratio of 1 : 1 : 0n9 (by vol.).
Analysis of respiratory lipoquinones. Respiratory lipoquinones were separated into their different classes (menaquinones and ubiquinones) by TLC on silica gel (MachereyNagel), using hexane\tert-butylmethylether (9 : 1, v\v) as solvent. UV-absorbing bands corresponding to menaquinones or ubiquinones were removed from the plate and further analysed by HPLC. This step was carried out on a LDC Analytical HPLC (Thermo Separation Products) fitted with a reverse-phase column (Macherey-Nagel ; RP18 ; 2 mmi125 mm, 3 µm particle size) using methanol as the eluant. Respiratory lipoquinones were detected at 269 nm.
Analysis of polar lipids. Polar lipids were separated by twodimensional silica gel TLC (Macherey-Nagel). The first direction was developed in chloroform\methanol\water (65 : 25 : 4, by vol.) and the second in chloroform\ methanol\acetic acid\water (80 : 12 : 15 : 4, by vol.) . Total lipid material and specific functional groups were detected using 5 % dodecamolybdophosphoric acid (total lipids), Zinzadze reagent (phosphate), ninhydrin (free amino groups), periodate-Schiff (α-glycols), Dragendorff (quaternary nitrogen) and anisaldehyde\sulphuric acid (glycolipids) (Stahl, 1967) .
Fatty acid analysis. Fatty acids were analysed as the methyl ester derivatives prepared from 10 mg dry cell material. Cells were subjected to differential hydrolysis in order to detect ester-linked and non-ester-linked (amide bound) fatty acids (B. J. Tindall, unpublished) . Fatty acid methyl esters were analysed by GC using a 0n2 µmi25 m non-polar capillary column and flame ionization detection. The run conditions were : injection and detector port temperature 300 mC, inlet pressure 60 kPa, split ratio 50 : 1, injection volume 1 µl, with a temperature program from 130 to 310 mC at a rate of 4 mC min − ".
The unambiguous position of double bonds and the presence of hydroxy fatty acids was confirmed by GC-MS. Hydroxy fatty acids were detected by their characteristic fragments at m\z 103 for 3-OH fatty acids, and at m\z M + k59 for 2-OH fatty acids. The position of double bonds was determined using dimethyl disulfide adducts as described by Nichols et al. (1986) .
GC-MS.
GC-MS analysis of the fatty acids was carried out using a Finnigan MAT GCQ gas chromatograph-mass spectrometer. The gas chromatograph was equipped with a DB-5 column (30 mi0n22 mm, film thickness 0n25 µm), and helium, at a linear velocity of 40 cm s − ", was used as the carrier gas. Samples (1 µl) were injected in the splitless mode and separated using a temperature programme starting at 80 mC (held for 1 min.) followed by a rise of 10 mC min − " to 300 mC. The mass spectrometer was run in the EI mode, with a source temperature of 175 mC and a transfer line temperature of 275 mC. Samples were run either without derivatization or as the dimethyl disulfide derivatives for detecting the position of double bonds.
DNA base composition and DNA-DNA hybridization. DNA was isolated according to the method described by Visuvanathan (1989) and by chromatography on hydroxyapatite by the procedure of Cashion et al. (1977) . The GjC content of the DNA was determined by HPLC. DNA-DNA hybridization was carried out according to the method of De Ley et al. (1970) using a Gilford System 2600 spectrophotometer equipped with a Gilford 2527-R thermoprogrammer and plotter. These analyses were conducted by the DSMZ, Braunschweig, Germany.
16S rDNA sequencing and phylogenetic analysis. 16S rDNA fragments that correspond to positions 8-1401 of Escherichia coli 16S rRNA were amplified by PCR from chromosomal DNA and sequenced using the 536f and 515r primers by the primer-extension method. The reactions were analysed with a Pharmacia automated laser fluorescent DNA sequencer (analyses conducted by Werner Arnold, University of Bielefeld, Germany).
The   program (Thompson et al., 1994) was used for multiple alignment, calculation of evolutionary distance, construction of a neighbour-joining phylogenetic tree and statistical evaluation of the tree topology by bootstrap analysis. Alignment positions including gaps and\or unidentified bases (approx. 7 %) were not taken into consideration for the calculations. 
RESULTS
Isolation
We attempted to enrich nitrate-reducing purple nonsulfur bacteria other than Rhodobacter capsulatus or Rhodobacter sphaeroides. To avoid the selection of these fast-growing Rhodobacter species, the medium used for enrichment was supplemented with 0n5 mM EDTA, since most strains of the latter two species are strongly inhibited by EDTA at this concentration (Kern et al., 1992) . We successfully isolated 42 strains of purple non-sulfur bacteria. One isolate, strain Rb T , which was isolated from a eutrophic pond located in the forest of Rheinbach, Germany, is described in this paper.
Morphology and ultrastructure
Strain Rb T had rod-shaped cells that tend to form rosette-like clusters in older cultures as described for Rhodopseudomonas palustris and Rhodopseudomonas viridis. The cells measured 0n4-0n6 µm in width and 1n5-2n0 µm in length, and were motile by means of a single polar flagellum (Fig. 1) . Cell division occurred by budding. Electron microscopy of ultrathin sections revealed the presence of internal membranes of the lamellar type. The cell morphology and ultrastructure are shown in Fig. 2 .
Photopigments
The colour of photosynthetically grown liquid cultures of strain Rb T was dark red. Absorption maxima of cell homogenates were at 376, 471, 503, 540, 591, 805 and 878 nm (Fig. 3) , indicating the presence of bacteriochlorophyll a and carotenoids of the normal spirilloxanthin series. Cultures grown aerobically in the dark were colourless.
Physiological characteristics
Strain Rb T was able to grow anaerobically in the light or aerobically in the dark. extract, glutamate and molecular nitrogen were used as sole nitrogen sources. Nitrate was reduced to nitrite, which accumulated in the medium. The utilization of thiosulfate was not possible. The pH range for growth was 5n0-8n0 with a pH optimum of 5n5. Growth was completely inhibited by 1 % (w\v) NaCl. p-Aminobenzoic acid was required as a growth factor, but could be replaced by 0n05 % yeast extract. Gelatin was not hydrolysed.
Quinones and fatty acids
Examination of the respiratory lipoquinone content of strain Rb T indicated that only ubiquinones were present, and the predominant compound present was ubiquinone 10. These findings are consistent with the placement of this organism in the α-subclass of the Proteobacteria (Yokota et al., 1992 ; Collins & Jones, 1981 ; B. J. Tindall, unpublished) . The predominant fatty acid was 18 : 1ω7c, accounting for more than 60 % of the total fatty acids present. The predominance of this fatty acid is also a characteristic feature of members of the α-subclass of the Proteobacteria. Differentiation of strain Rb T from other taxa and its assignment to the genus Rhodopseudomonas was confirmed by the presence of smaller amounts of 16 : 0, 18 : 0, 16 : 1ω7c, together with 3-OH 14 : 0 (Table 2) . The latter fatty acid was exclusively non-ester linked and is probably amide linked to the lipopolysaccharide, as is the case in Rhodopseudomonas palustris (Weckesser & Mayer, 1988) . The polar lipids comprised diphosphatidyl glycerol, phosphatidyl glycerol, phosphatidyl ethanolamine, phosphatidyl choline and an amino lipid which also stained periodate-Schiff positive. This compound was stable towards both acid and alkali, and was tentatively identified as an amino hopanoid, which has been reported in Rhodopseudomonas palustris (Neunlist et al., 1988) , and was detected in the polar lipid fraction of Rhodopseudomonas palustris, with the same R F value. This polar lipid pattern is characteristic for all members of the Bradyrhizobium-Nitrobacter-AfipiaRhodopseudomonas phyletic group examined to date (B. J. Tindall, unpublished ; Moss et al., 1990 ; Brenner et al., 1991) .
DNA base composition
The GjC content of the DNA of strain Rb T was 65n4p0n2 mol %, which is similar to that of Rhodopseudomonas palustris and Rhodopseudomonas Imhoff & Tru$ per (1989) .
Characteristic
Strain Rb
T
Rhodopseudomonas palustris
Rhodopseudomonas acidophila
Cell diameter (µm) 0n4-0n6 0 n6-0n9 1 n0-1n3 Vitamin(s) required p-ABA p-ABA, biotin (some) none pH optimum 5n5 6 n9 5 n5-6n0 GjC content (mol %) 65n4 6 4 n8-66n3 6 2 n2-66n8 † Compound C does not appear to be a fatty acid. The use of a differential hydrolysis (method 1 vs method 2) of the fatty acids indicates that the 3-OH 14 : 0 fatty acid is not ester-linked, and is probably amide-bound.
Electron donor and carbon source
acidophila and slightly higher than the GjC content of Rhodopseudomonas julia (63n5 mol %).
Genetic relationships
The sequence of two fragments of the 16S rRNA gene from strain Rb T corresponding to position 36-487 and 566-1236, respectively (E. coli numbering), was determined. The deduced 16S rRNA molecule exhibited nucleotide deletions of 11 bases in the loop structure at position 201-215. This feature is characteristic for species belonging to the α-subclass of the Proteobacteria (Woese, 1987) . The sequence of strain Rb T was compared with the sequences from representative species of phototrophs and their non-phototrophic relatives of the α-subclass of the Proteobacteria. Strain Rb T was closely related to Bradyrhizobium japonicum, Nitrobacter winogradskyi and Rhodopseudomonas palustris at a similarity level of 96-98 % but showed much lower affinities to all other members of the purple non-sulfur bacteria ( 93 % similarity, data not shown). On the basis of the corrected distance values a neighbour-joining tree was constructed (Fig.  4) . Strain Rb T , Rhodopseudomonas palustris, Bradyrhizobium japonicum and N. winogradskyi formed a tight cluster distinct from Rhodopseudomonas acidophila and all other purple non-sulfur bacteria investigated. The monophyletic nature of this cluster was supported by bootstrapping in 100 % of the 1000 trees generated. The level of DNA-DNA hybridization with the only other purple non-sulfur bacterium in this cluster, Rhodopseudomonas palustris DSM 123, was 37n5 %. This low level of genomic DNA relatedness supports the differentiation of the two strains at the species level, supporting the results of the physiological tests. 
DISCUSSION
In recent years the unsatisfactory taxonomy of the genus Rhodopseudomonas was clarified on the basis of 16S rRNA sequence analysis, and phenotypic and chemotaxonomic data. The consequence was that a number of new genera, like Rhodobium, Blastochloris and Rhodoplanes (Hiraishi & Ueda, 1994 ; Hiraishi et al., 1995) were created. It was suggested by Hiraishi (1997) et al., 1990 ; Brenner et al., 1991 ; Yokota & Sakane, 1991 ; Urakami & Komagata, 1988) . Although all organisms share the presence of ubiquinone 10 as the major respiratory lipoquinone, together with 18 : 1ω7c dominating in the fatty acids, these are features characteristic of the majority of taxa within the α-subclass of the Proteobacteria. The presence of the four phospholipids phosphatidyl glycerol, phosphatidyl choline, phosphatidyl ethanolamine and diphosphatidyl glycerol, together with the presence of an amino hopanoid distinguishes this phyletic group of organisms (B. J. Tindall, unpublished) and further reinforces their monophyletic origin. Despite the fact that all these organisms are very similar in their chemical composition, both strain Rb T and Rhodopseudomonas palustris share the presence of an exclusively amino linked 3-OH 14 : 0 fatty acid. In contrast, published data on members of the genus Bradyrhizobium indicate that 3-OH 12 : 0 and 3-OH 14 : 0 are present (Yokota & Sakane, 1991) , whereas significant quantities of 3-OH fatty acids have not been detected in members of the genus Afipia (Moss et al., 1990 ; Brenner et al., 1991) . Taken together with the ability of both organisms to grow phototrophically under anaerobic conditions, we consider these two species to constitute a distinct genus, rather than placing all members of this phyletic group in a single genus, for which the name Nitrobacter has priority. Considering that Rhodopseudomonas palustris is the type species of the genus Rhodopseudomonas, we propose that strain Rb T be included in this genus as a new species, for which we propose the name Rhodopseudomonas rhenobacensis sp. nov. 
